Background: The delta-shaped anastomosis has been reported to reduce anastomotic complications for a decade. However, little has been written comparing this technique with the circular stapler technique. The objective of this retrospective study was to assess the safety and efficacy of cervical delta-shaped anastomosis after esophagectomy. Methods: Medical records of patients with esophageal squamous cell carcinoma who underwent McKeown (three-incision) esophagectomy between September 2013 and June 2015 were reviewed. Either circular stapled anastomosis (CSA) or delta-shaped anastomosis (DSA) was performed at the cervical stage. The clinical characteristics and short-term outcome were retrospectively assessed to identify the differences between the two groups. Results: A total of 81 patients were included in this study. The clinical characteristics were similar between the two groups. Cervical anastomotic leakage occurred in 3 (7.7%) of 39 patients in the DSA group and in 8 (19%) of 42 patients in the CSA group (P = 0.197). The average anastomotic orifice width was 16.1 ± 4.9 mm and 11.7 ± 2.2 mm, respectively (P < 0.001). The incidence of anastomotic stenosis was 2.6% (1/39) and 23.5% (10/42) in the DSA and CSA groups, respectively (P = 0.007). There was no significant difference in surgical duration, blood loss, pulmonary complication, postoperative mortality, time of hospitalisation and time of ICU stay between the two groups. Conclusions: Delta-shaped anastomosis may be an effective alternative method for gastroesophageal anastomosis after esophagectomy, with lower incidence of leakage and stenosis.
Background
Subtotal esophagectomy and reconstruction using gastric tube is considered the gold standard for surgical treatment of surgically resectable esophageal cancer (EC) [1] . However, anastomotic leakage and stricture formation continue to be major challenges after resection of EC. They are associated with high mortality and frequently compromise patient quality of life [2, 3] .
Much effort has been devoted to reducing anastomotic complications in the most recent decade especially in anastomotic technique. With the advent of smaller endoscopic staplers, it was reported by several authors that cervical linear stapler anastomosis was associated with a lower rate of anastomotic complications [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Okushiba et al. [13] described a new technique of anastomosis named the 'esophageal delta-shaped anastomosis' in 2005. In his report, there were no complications associated with the anastomosis in all nine patients treated with the delta-shaped anastomosis. Such technique appears to result in a larger lumen size, shorter operative time, better blood supply, and less anastomosis margin tension. However, as far as we know, little has been reported comparing the results of delta-shaped anastomosis (DSA) to circular stapled anastomosis (CSA). In this article, we describe our surgical procedure using the DSA approach to create the cervical anastomosis and examine its efficacy and safety in comparison to CSA in patients undergoing esophagectomy for EC.
Methods

Patients
Medical records of consecutive patients with primary EC who underwent esophagectomy at Fujian Provincial Hospital between September 2013 and June 2015 were retrospectively reviewed. Patients who did not undergo McKeown (three-incision) esophagectomy with cervical esophagogastric anastomosis (CEGA) were excluded. The study was approved by the hospital ethics committee, and a waiver for individual patient consent for this retrospective study was also obtained from the ethics committee. All patients were diagnosed as esophageal squamous cell carcinoma by endoscopic biopsy. Preoperative physical examination, standard laboratory tests, and cardiac and pulmonary function test were performed. Contrastenhanced thoracic computed tomography (CT) and abdominal CT were performed for preoperative staging to confirm disease status. Those patients with locally advanced EC received neoadjuvant chemotherapy prior to surgical resection. All operations were performed by the same surgeon (Xunyu Xu). The clinical characteristics of patients are shown in Table 1 .
Surgical techniques
A 3.0-cm-wide gastric tube was constructed along the lesser curvature of the stomach using linear staples (TLC75, Ethicon Endosurgery, Cincinnati, OH, USA) with seromuscular sutures along the staple line. The gastric tube was then pulled up through the posterior mediastinal route and extracted from the left neck incision for alimentary tract reconstruction. Fast-frozen section pathology was routinely performed to ensure a negative surgical margin. For CEGA, CSA was routinely performed until June 2014. After that time, CSA was applied only when the remnant esophagus was not long enough to perform DSA.
For DSA, after apposition of the posterior walls of the esophagus to the gastric tube, a 1-cm gastrostomy was created near the greater curvature in the posterior wall where the left gastroepiploic artery enters, because the region has a good blood supply and gives no extra tension.
An endoscopic linear cutting stapler (EndoGIA60 mm-3.5 mm, Covidien, Mansfield, MA, USA) was used to create the posterior wall in an inverted fashion. The anvil was placed in the remaining esophagus and the staple cartridge was placed in the gastric tube (Fig. 1a) . After firing and removing the linear stapler, a 14-French or 16-French nasogastric tube was inserted by the anaesthetist and advanced downward into the gastric tube. The common opening in the stomach and esophagus was then joined with Allis clamps and placed together for closure (Fig. 1b) . The second and the third 60-mm linear staplers were fired transversely in an everted fashion (Fig. 1c) . The common opening was subsequently closed and the tip of the gastric tube was excised. At last, the staple line was reinforced by interrupted serosal sutures with 4-0 absorbable Vicryl antibacterial suture (Polyglactin 910) (Fig. 1d) . A closed suction drain was placed in the anastomotic region. For CSA, a 25-mm circular stapler (Premium Plus CEEA AutoSuture, Covidien, Mansfield, MA, USA) was placed at the tip of the gastric tube, and the anvil of the stapler was inserted through the remaining part of the esophagus. Then an end-to-side esophagogastric anastomosis was performed. The tip of the gastric tube was excised by the linear staple (TLC75, Ethicon Endosurgery, Cincinnati, OH, USA). The staple line was subsequently reinforced by interrupted serosal sutures with 4-0 absorbable Vicryl antibacterial suture (Polyglactin 910).
Definitions of anastomotic leakage and stenosis
A contrast swallow fluoroscopy on postoperative day 7 was obtained routinely to make sure whether anastomotic leakage happened. Oral intake would begin if the anastomotic leak was absent; otherwise, it would be delayed. The draining fluid and cervical incision sites were regularly inspected. In addition, the clinical status of the patients was also closely monitored to detect any sign of early anastomotic leakage. Anastomotic leakage was assessed based on four classified categories as proposed by the Surgical Infection Study Group [14] . Follow-up was conducted 3 months after surgery. The contrast swallow fluoroscopy and gastroscopy were performed to evaluate the anastomotic orifice. The width of the anastomotic orifice was measured by the same radiologist, who did not know the study design or anastomotic approach used. Anastomotic stenosis was defined as any stenosis in the anastomotic orifice, which required either endoscopic balloon dilation or bougienage at least once.
Statistical analysis
Continuous data was reported as mean and standard deviation or median and range. Categorical data was reported as count and percentage. The chi-square test or Fisher's exact test was used to analyse categorical data. Student's t test was used to compare continuous variables. The Mann-Whitney U test was used for the unequal variances, such as time of intensive care unit (ICU) stay and width of anastomotic orifice. All tests were two-sided, and P values <0.05 were considered to indicate a statistically significant difference between the two groups. All of the statistical analyses were performed using the SPSS software package, version 17.0, for Windows (SPSS, Chicago, IL).
Results
In total, there were 81 patients reviewed, including 56 males (69.1%) and 25 females (30.9%). The median age was 61 years (range, 38-76 years). There were 42 (51.9%) patients who underwent CSA and the other 39 (38.1%) patients underwent DSA. The clinical characteristics were similar between the two groups. Comparison of clinical characteristics between the two groups is shown in Table 1 .
The surgical outcomes are shown in Table 2 . There was a wider anastomotic orifice in DSA group compared to the CSA group (16.1 ± 4.9 mm vs. 11.7 ± 2.2 mm; P < 0.001). Anastomotic leaks tended to occur more frequently in the CSA group than the DSA group (19 vs. 7.7%; P = 0.197). Six patients in the CSA group and three patients in the DSA group had grade II anastomotic leakage, which were healed by cervical wound opening and drainage. Another two patients in the CSA group had grade I anastomotic leakage, and these were healed by delaying oral intake. There were no grade III-IV leaks in any of the patients. Three months after surgery, anastomotic stenosis developed significantly more frequently in the CSA group than the DSA group (23.8 vs. 2.6%; P = 0.007).
Perioperative mortality occurred in two patients in the DSA group (Adult Respiratory Distress Syndrome in one patient and aortic bleeding caused by tumour invasion in another patient). No perioperative mortality occurred in the CSA group, the difference did not reach statistical significance (5.1 vs. 0%; P = 0.229). There was no significant difference in surgical duration, blood loss, pulmonary complication, time of hospitalisation and time of ICU stay between the two groups.
Discussion
Despite the improvement of anastomotic technique, CEGA leak after esophagectomy has been reported to occur in 15 to 25% of patients, which is an increased risk compared with chest anastomosis [3, 4] . One advantage of CEGA is that a CEGA leak is seldom associated with mediastinitis and is relatively benign and managed successfully with local wound care [4] . Cervical anastomotic leak is attributed to ischemia of the gastric conduit and the methods of anastomosis and surgical techniques [2] . The CSA technique has been introduced for nearly 30 years [15] and is considered to be useful for shortening operation time and reducing anastomotic leakage compared to hand-sewn anastomosis [16] . However, CSA results in end-to-side anastomosis, in which the circulation net of the gastric wall was blocked by the stapler, causing anastomosis failure [17] . The application of endoscopic linear stapler for CEGA has effectively reduced anastomotic complications compared to conventional hand-sewn anastomosis [4] [5] [6] 9] . Several studies showed that linear stapled technique had a lower frequency of anastomotic stenosis than CSA [8, 11, 18] . The DSA technique has been reported since 2005 [13] . It is a variation of modified Collard's technique [5] in which the anterior wall of the esophagus and gastric tube is stapled. When DSA was performed, the first stapler line was parallel to the axis of the gastric tube, leading to maximum preservation of the vasculature network of the gastric tube. The linear stapler offered a triple-layered suture line which was more watertight than either a single-or double-layered hand-sewn anastomosis. Moreover, the tip of the gastric tube was excised in our technique, which improved the blood supply of the anastomotic orifice. All above are helpful to minimise anastomotic leak. In our study, a decrease of anastomotic leak was observed in the DSA group comparing it to the CSA group, although the difference did not reach statistical significance (19 vs. 7 .7%; P = 0.197). There was no significant difference in surgical duration, blood loss, pulmonary complication, postoperative mortality, time of hospitalisation and time of ICU stay between the two groups. So DSA seems to be a safe and effective alternation for CEGA. Anastomotic stenosis is another serious anastomotic complication after esophagectomy, which is reported to occur in 27 to 45% of patients who underwent CSA [9, 19] . In CSA, the anastomotic lumen is dependent on the size of the esophagus and the replacement organ. Second, the CSA technique is an inverted anastomosis, creating a separate margin between the esophageal and gastric mucosa because they clamp the muscular tissues between them, resulting in anastomotic stricture from associated scar formation [18] . On the other hand, the DSA technique extended the anastomosis along the sidewall of the esophagus, thereby creating a larger lumen that is not affected by the size of the esophagus. In addition, this side-to-side technique performed on the posterior wall of the gastric tube and esophagus in effect created a functional end-to-end esophagogastric connection, which would be ideal for the passage of food (Fig. 2) . In addition, the anterior wall of the anastomotic orifice was closed by two everted staples, which reduced the scar formation and anastomotic stenosis (Fig. 3) . Specifically, we used a 60-mm linear stapler in the posterior wall to create a larger lumen size compared to Okushiba et al.'s [13] report. In our study, we observed a significant decrease of anastomotic stenosis (23.8 vs. 2.6%; P = 0.007) and a wider anastomotic orifice (16.1 ± 4.9 mm vs. 11.7 ± 2.2 mm; P < 0.001) in the DSA group compared with the CSA group.
However, DSA also has a limitation: it requires a longer proximal esophagus than CSA to be certain that a linear stapler can be placed. Therefore, it may be difficult in performing DSA when the tumour is too high in the upper esophagus. In our experience, at least a 5-cm remnant of the esophagus is needed; otherwise, we will select CSA for safe anastomosis.
Our results are limited by the nonrandomised retrospective design and smaller sample size, as well as the lack of exploration for long-term outcome of DSA. The result may be affected by the fewer upper esophageal tumours and more minimally invasive esophagectomy in the DSA group. We plan to conduct a randomised Fig. 2 a A contrast swallow 3 months after CSA group operations. b A contrast swallow 3 months after DSA group operations. A wider anastomotic orifice (black arrows) and better passage in the DSA group is shown compared with the CSA group Fig. 3 Endoscopic view of the anastomotic orifice 3 months after operation. The delta-shaped lumen is wide. The 'V' shaped posterior wall is inverted (Inv) (white arrows). The anterior wall is everted (Ev) so that there are no mucosal defects (black arrow) controlled study to further evaluate the DSA technique, including its short-term surgical outcome and long-term clinical benefits such as quality of life assessment.
In conclusion, our study directly assesses the shortterm outcome between DSA and CSA. The preliminary data suggest our technique is a good alternative for gastroesophageal anastomosis because it creates a larger lumen size, which preserves and provides better blood supply. It appears to be a safe, effective, and straightforward surgical technique with improved short-term outcome, such as lower anastomotic leak and stenosis rate. We plan to conduct a randomised, controlled study with longer follow-up to assess the clinical benefit of this technique and draw a definitive conclusion.
